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(57) The present invention provides a light-colored 
high-transmittance glass sheet including, ascotenng 
components, in weight percent, less than 0.06% total 
iron oxide in terms of Fe 2 0 3 (T-Fe 2 0 3 ); 0.5 to 5ppm 
CoO- and 0 to 0.45% cerium oxide; wherein the ratio of 
FeO 'in terms of Fe 2 0 3 to T-Fe 2 0 3 is less than 40%; and 
wherein the glass sheet has a dominant wavelength of 



470 to 495nm when measured at a glass sheet thick- 
ness of 10mm. The present invention also provides a 
light-colored high-transmittance glass sheet of light neu- 
tral gray or bronze tint with a dominant wavelength of 
560 to 585nm. 
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and high transmittal. ra ^ ri7ed in that in order to attain the above properties, it has a small S0 3 

[0005] This glass compos.t,on ,s ^^^^1 includes separate liquefying and refining steps, and a 
content, a manufacturing method .s used n which the h content |n ^ g|ass 

batch materia, is used that does net SSSt " H04-228451 A, trace amounts of Se and CoO 

[00061 in the edge«o.or e d high transm.ttance g ass SQ as , 0 obtain a glass she et w.th 

S5 On.eotherhan.m_ 

amount of iron oxide impunt.es >s reduced by cna ^ 

[0008] For example, in accordance w. h the * of iron oxide in terms of ferric oxide accounts for 

n JP H08-40742A, a soda-.ime-si.ica ^^^J^ 69 to 75% Si0 2 , 0 to 3% Al 2 0 3 , 0 to 5% Bfi* 2 
0.02 to 0**% includes as a bas.c '""l^ff**^^ *™ unts °' fluorine ' ZinC ° Xide ' ''""T 
,o 10% CaO, less than 2% MgO, 9 to ™£P£ of the ^.ine earth me tal oxides. According to ft. 

oxide, .ess than 4wt% of banum "* '^Jj wavelengths, or the gradient of the FeO absorpfon 

composition, the FeO absorpnon band ^^^^e steep er. This makes it possib.e to manufacture a 

t is a recondition that Nmestone and ^^^jSTSSd as the coloring agent to less than 0.02wt%. 

SSS - - ^ which makes ^^SS & HO^OA, to obtain a desired pure bright 
[00101 in the edge-colored high transmWance glass disc ^ J iron oxide at least 0 .4. 

Sum edge color, it is necessary to make the ratm o J^^S-d. in which the method includes separate 
[0011] Therefore, rt is desirab.e to app* a spec,* ^«7, ow |eve wn|cn makes the resu.ting g.ass more 
melting and refining steps, and to suppress the S0 3 content 

pensive. . n , lh | icati ons the raw materials for the glass contain Ni ions as impunt.es, 

[00121 If. in the glasses disclosed .n these Platens , the a taneous Drea kage. This is because 

hen the Ni ions tend to bond with sutf.de ,ons orm.ng cou ,d js P suppressed so as to attain a light tint. 

Ine amount of Fe ions, which bond ^^^^ Sow glass diseased in JP H08-40742A. the ^, 

Pr^ever.thee.ectofthemethoddisc^ 

S3 ^s:^^^^^^- of Mg0 and M9 ° + ca0 are ,esSi 
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andtocompensatetheadverse effect this hasonthe melting, theamountof Nap is increased to more than the normaJ 
^ount so Ss composition is not suitable for mass production due to the high liqurtus temperature and the h,gh 

moist The effect disclosed in this publication can be enhanced by adding such components as F or BaO, but adding 
eoJ^JSl--*. as it increases the costs, and the vo.ati.fty of the F shortens the furnace l.fetme 

and leads to emission of hazardous substances into the atmosphere. 
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r0017l In view of the problems of the related art, it is an object of the present invention to provide a «gM-«torad 
niQhlnlmZce glass in particular a glass having high remittance and a tint of light blue, neutral 
high transm^nce g , w 1or manufacturing such a glass at low cost. 

invention, a light-colored high-transm^tance g.ass sheet containing 

silica as a main component is characterized in that 

the glass sheet includes, as coloring components, in weight percent: 

less than 0.06% total iron oxide (referred to as T-Fe 2 0 3 " in the following) in terms of Fe 2 0 3 ; 
0.5 to 5ppm CoO; 
0 to 0.45% cerium oxide; 

.heroin lb. ratio ol FeO in torms ol Fefi, to T-F e! 0 3 |r*™i lo » "FeO ratio" * mo following) is loa* lhan 
Teroin In. glaaahaaalishtbkJ. tint with a dominant ».»olor,gth oU70 to «nm when measured will, the CIF. 

b^r^^^ 

S^rTno^ 

Es a^nXTn. ischa'aetenzed in th,.me sheet incd.s, as o.lorino exponents. ,n „»ght percent 

at least 0.02% and less than 0.06% T-Fe 2 0 3 ; 
0.25 to 3ppm Se; 
0 to 3ppm CoO; 
35 0 to 0.45% cerium oxide; 

SS 2 9 i™-™or ft- « ««» • — — «* - - » — — 

ToS T^,^ ^sses - «» afore-mentioned preferable coloring agent compos, 

so tions and tints, it is preferable that the basic glass comprises, in we.ght percent: 



65 to 80% Si0 2 ; 
0 to 5% Al 2 0 3 ; 
more than 2%MgO; 
55 5to15%CaO; 

10 to 18%Na 2 0; 

0 to 5% K 2 0; 

5 to 15%MgO + CaO; 
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10 to 20% Na^O + K 2 0; and 
0.05 to 0.25% S0 3 . 

It is more preferable that it comprises, in weight percent, 
more than 10% MgO + CaO; and 

Zr, Hf , Nb, Ta, w, ^n, oa, w P v DQ sed to a reducing atmosphere in the float bath, 

and have no harmful effect on the glass eve "*^3£2id alone 9 or in comb ination is. k. weight %, 0.001 
[0030] Itfepreferablethattheamountofhea^ 

o 1%. more preferably 0.01 to 0.1%, and most * ,Jl presentation, it is preferable to use 
[0031] When manufacturing the Hght-co.or^ 
Somite and limestone as raw materials, as for normal ^^"^^^.e,, pre ferable ranges. 
g ,ass sheet. This becomes possible by sett,n 9 ^ ^* ^^JS^^ is preferable that the 
[00321 in in which the me.ting step and the refining step can be 

Elllo 1 ; 2 to the gL. while the FeC ' -^i™^^ has to be less than 0.06 % and 
[00351 in order to obtain the desired .gh, ^ "^^^^ 0 . 0 V/* then the green coloring caused 
the FeO ratio has to be .n a range les ^ ha " J and ^ it b Jomes difficurt to attain the desired tint. A preferable upper limit 
by the included iron oxide becomes too dark, and rt become » am« : tranS mfttance is obtained. If the 

for the T-Fe 2 0 3 is 0.04%, at which the green color * not very pe ^te art a 9 ^ 
FeO ratio is'not less than 40%, then the melting « a ^^^^ZJL with little iron content, 
[0036, ^heT-Fe 2 0 3 is-esst^ 

which increases the costs considerably, so tnai is p included, then the green 

[00371 lnordertoattainab.uetint.C^ 
tint of the iron oxide is conspicuous, and if more than bppm are inuuu 

range is not more than 2ppm. essential component while CoO is an arbitrary com- 

pose] In order to attain a neutral gray or bronze tint. S ^' S n ^ e o n ^ |ance P the green color of tne iron oxide, the 
ponent. To attain a neutral gray or bronze tint ,t >s ^^^^.JiSppm. then the tint takes on a 
reddish brown color of the Se, and the blue ^or of the CoO. ^ J*, becomes t00 str ong and 

somewhat greenish color, and if the Se ,s more ^ ^J^^iong and conspicuous, and it becomes 
conspicuous. If the CoO is more than 3ppm or J nze « wni ,e keeping the transmit- 

difficult to attain a neutral gray or bronze t.n Un order to attain me g y ^ ^ ^ t 

tance high, it is preferable that the Se » ,n the range of OS to JP™ J™ * ox|dizi FeQ t0 Fe 2 0 3 , 

[00391 The cerium oxide is not e f ^ of the gtess sheet. These 

and also has the additional advantageous effect of ^^J™ ^ of 0-4S% fe excee ded, its yellow color 

[00421 MgO .no CaO r^^J^^W^wSw. »» "***» a*"*™ »«•— ■ » ,h, ", 5% 
viscosly dining me lormmg. If not more than 2 ^ MgO » re 11 , 0l ^ C aO is less 

or more m» 15% CaO is included, the l.ouidus 15% Ore M** temperature increases. 

■MSVt^dunBlny olth.gl.ss deceases l,m !'°" a ™""i^„. il it\ » incase me 

„ me lotal amour,, of MgO and CaO is small, to example n « more tta no /. m y ^ 
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ma, me «* ™- ol MgC CaO . mo™ • „ ,^ „.„ m „^ * induded o, « ft. tote! 

t " 43 ', JI^'hS ^enfrTft " me» acceleration is poo,. II NajO exceeds 18% or ft. 

Si furthermore me effect ol ft. present invention Is not harmed by including tluorrne. barium oxide or slrontjurn 

"^;S~me?.S^n B . s„=h - menganese ox«e. in . rang, o, no, . 
men, then t%. alone or In combineaon «»h ft. eenurr , cxxfc 0e „ d Sn. is a component that does 

T ^beldled X£T. The s tat ^nempering. bu, i.'m. glass I. used as , tempered glass 

35 substantially free from such coloring agents. 
Embodiments of the Invention 

[00501 The foNowing is an explanation of the preferred embodiments of the present invention, with reference to spe- 

40 cific examples. 

Examples 1 to 5 

fnlff a Th»n TheTss sheet was ground and polished to a thickness of 1 0mm. and for the optica, properties, visible 
tolso 9050 were measured. Table 1 shows the optica, properties of the resutong samples. 
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Table 1 
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Ex. 1 


Ex.2 


fcX.J 




Ex.5 


Si0 2 


72.1 


71 .2 


fl.t 


71 P 


7.12 


Al 2 0 3 


174 


1.66 


I.OO 


1 7R 


1 .66 


MgO 


4.2 


4.2 


A A 

4.4 


A O 


A P 


CaO 


8.5 


8.5 


8.8 


o.o 


ft 5 


Na^O 


13.0 


13.5 


12.5 


to.! 


1*3.3 


K 2 0 


0.7 


0.7 


0.7 


1 .u 


n 7 


so 3 


0.12 


0.20 


0.15 


ft 4 Q 

KJ.i o 


n po 


T-Fe 2 0 3 


0.018 


0.025 


0.025 


f\ AAA 


U.UOO 


Ti0 2 


0.02 


0.02 


0.04 


U.U4 


n op 


cerium oxide 


0 


0 


0.08 


U 


n 
u 


CoO 


0.5 


1 


1.75 


* 

1 


1 


Se 


0 


0 


0 


ft 7£ 
U. fO 


o 
c 


FeO 


0.006 


0.007 


0.003 


U.UUo 




FeO ratio 


37 


31 


13 




PR 


visible light transmittance (%) 


90.4 


88.9 


91.0 


87.8 




solar radiation transm. (%) 


88.4 


84.8 


90.5 


84.0 


83.8 


UV ray transmittance (%) 


67.6 


63.8 


36.7 


55.2 


53.8 


dominant wavelength (nm) 


488 


485 


480 


570 


577 


excitation purity (%) 


0.39 


1.03 


1.85 


1.40 


2.06 


a* 








-0.60 


-0.10 


b* 








1.05 


2.12 



* [0 053] As beco.es dear from Table 1 . in the 7*^^ t^JCS^- 
S as cant see" from the dominant wavelength and the <W a' and b . 
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Comparative Examples 1 to 3 

C0054] Table 21 iststhecompos«ionandoptica^^ 
invention. The compositions are given in weight percent. 

Table 2 





Comp. Ex. 1 


Comp Ex. 2 


Comp. Ex. 3 


Si0 2 


71.7 


71.2 


71.7 


Al 2 0 3 


1.70 


1.66 


1.68 


MgO 


4.2 


4.2 


4.3 


CaO 


8.5 


8.5 


8.8 


Na 2 0 


13.0 


13.5 


12.5 


K 2 0 


0.7 


0.7 


0.7 


so 3 


0.16 


0.20 


0.20 
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Comp. Ex. 1 


Comp Ex. 2 




T-Fe 2 0 3 


0.018 


0.025 




Ti0 2 


0.02 


0.02 


U.U*f 


FeO 


0.006 


0.008 




FeO ratio 


37 


36 




visible light transmittance (%) 


90.6 


90.3 


OG ft 


solar radiation transm. { /©; 


88.6 


86.8 


75.4 


UV ray transmittance (%) 


67.2 


65.1 


48.3 


dominant wavelength (nm) 


538 


498 


503 


excitation purity (%) 


0.36 


0.53 


1.01 


a* 






-2.31 


b* 






0.23 



k » cv a mniP^ 1 and 2 have the same basic composition of the present invention and include total 
f^e^^ 

to 538nm, these composes yield colors ^9 from ^^^^^ ExampleS 1 and 2 have 
blue, neutral gray or bronze that ,s the take on an undesirable greenish yellow 

a light tint, and their transmittance >s relatively h^h, but . some case • they taKe o f ^ 

^Moreover, the f ^ 

the fact that the value a in the Lab color sysiem ib t o , 

W*T Then, regarding the creation of NiS in a float furnace, the following experiment was performed. 

Examples 6 to 10 

[0 058, Thesamebas.compositionsasinthe^ 

Lei (expressed in weight percent in ^^!^^^^^^^^^ 
Zinc nitrate hexahydrate was ^^^J^ZLiin an alumina crucible with 250cm3 opacity, which 
was added per 20* "JJ^Cn^Sc fumace a, 1370'C and heated in 10min to 1400»C. 

Z^X:L hours, the crucible was retrieved from the furnace, its content was 

cT-nSXi- - to ^^^.KSS! S co^L w*h a stereoscope 

45 Reference Examples 1 to 5 

shown in Table 5. 

Table 3 





Ex.6 


Ex.7 


Ex.8 


Ex.9 


Ex. 10 


base composition 


Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


heavy element oxide 


ZnO 


ZnO 


La20 3 


Zr0 2 


W0 3 


addition amount (ppm) 


200 


400 


1000 


500 


100 
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Table 4 





Ex.6 


Ex.7 


Ex.8 


Ex.9 


Ex.10 


number of NiS particles 


9 


4 


9 


11 


13 





Ref. Ex. 1 


Ref. Ex. 2 


Ref. Ex. 3 


Ref. Ex. 4 


Ref. Ex. 5 


number of NiS particles 


43 


32 


23 


30 


28 



P061] From the resufts in Tables 4 and 5. it can be seen that the generation of NiS particles can be suppressed by 
addition of the oxides listed inT*** ,jg hHx) |ored high-transmittance soda-lime glass of the present 

or bronze. . tran ^ mittance alass 0 f the present invention is particularly suitable as building glass. 

[0063] The light-colored ^^^^^^^ parting from the spirit or essential characteristics 



Claims 

1 A lightered high-transmittance glass sheet containing silica as a main component, characterized in that 
" th^glass sheet comprises the foilowing coloring components, ,n we.ght percent. 

less than 0.06% T-Fe 2 0 3 . wherein T-Fe 2 0 3 is total iron oxide in terms of Fe 2 0 3 ; 
0.5 to 5ppm CoO; and 
0 to 0.45% cerium oxide; 

illuminant C at a glass sheet thickness of 10mm. 

2 The light-cotored high-transmittance glass sheet according to a*M. characterized in that the glass sheet 
comprises, in weight percent, at least O.Sppm and less than 2ppm CoO. 

3 The light-cdored high-transmittance glass sheet according to Claim 1, characterized in that the glass sheet 
comprises, in weight percent, at least 0.02% T-Fe 2 0 3 . 

4 A light-colored high-transmittance glass sheet containing silfca as a main .<"^ GiimcM ' n ** 

the glass sheet comprises the following coloring components, m weight percent. 

at least 0.02% and less than 0.06% T-Fe 2 0 3 . wherein T-Fe 2 0 3 s total iron oxide in terms of Fe^; 
0.25 to 3ppm Se; 
0 to 3ppm CoO; and 
0 to 0.45% cerium oxide; 

illuminant C at a glass sheet thickness of 10mm. 

5 The ,ight-co,ored high-transmittance glass sheet according to «*. 4, characterized in that the g.ass sheet 
' comprises, in weight percent, 0.5 to 2ppm Se, and 0.5 to 1 ppm CoO. 
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c tho linhNrntored hiah-transmittance glass sheet according to Claim 4, characterized in that, at a glass sheet 

C are -1 < a* £ 0.5 and -0.5 £ b* £ 1 .5. 

7 The lightered high-transmittance glass sheet according to Claim 1 or 4, characterized in that the glass sheet 
comprises, in weight percent, less than 0.1% cerium oxide. 

8 The lightered high-transmittance glass sheet according to Claim 1 or 4, characterized in that the glass sheet 
comprises the following basic glass composition, in weight percent 



65 to 80% Si0 2 ; 
0 to 5% Al 2 0 3 ; 
more than 2% MgO; 
5to15%CaO; 
15 10to18%Na2O; 

0to5%K2O; 
5to15%MgO + CaO; 
10 to 20% NagO + K 2 0; and 
0.05 to 0.25% S0 3 . 

20 9. The light-colored high-transmittance glass sheet according to Claim 8, characterized in that 
the glass sheet comprises, in weight percent: 
more than 10% MgO + CaO; and 
more than 0.1% S0 3 . 

10. The light-colored high-transmittance glass sheet according to Claim 1 or 4. characterized in that the glass is 
substantially free of fluorine, barium oxide and strontium oxide. 

11 The light-colored high-transmittance glass sheet according to Claim 1 or 4, characterized in that 
me glass comprises, in weight percent, 0.001 to 1% heavy element ox.de; 

wherein the heavy element is at least one element selected from the group cons.st,ng of Y. La, Zr, Hf, Nb. 

Ta, W, Zn, Ga, Ge and Sn. 

12. The light-coiored high-transmittance glass sheet according to Claim 11. characterized in that the glass comprises. 
35 in weight percent, 0.01 to 0.1% heavy element oxide. 

13 Thelight-coloredhigh-«^ 

in weight percent, 0.01 to 0.05% heavy element oxide. 

«, 14. The lightered high-transmittance glass sheet according to Claim 11 , charactered in that the heavy element 
oxide is ZnO. 

« a mo thnH for manufacture the light-colored high-transmittance glass in accordance with Claim 1 or 4, charac- 
15 - are included in the raw materia* for the light-colored high-transm.ttance 

45 glass. 

16. The method according to Claim 15, comprising melting batch material of the raw material in a top-heating tank- 
type melting furnace. 
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